1. Background {#sec183009}
=============

Obesity, manifested by body mass index (BMI) cutoffs, is considered a major risk factor not only for type 2 diabetes ([@A37018R1]), lipid disorders, and hypertension, but also for coronary heart disease (CHD) ([@A37018R2]) and certain cancers ([@A37018R3]).

Coronary heart disease continues to be one of the dominant causes of all chronic diseases among adults in America and in most developed countries ([@A37018R4]). The incidence of CHD varies from nation to nation, and society to society. Data shows a high prevalence of CHD in the Middle East, with an age adjusted prevalence of CHD about 22% ([@A37018R5]). The crude incidence rate in men is reported to be around 12 per 1000 person-years, approximately twice that in women (6.5 per 1000 person-years) ([@A37018R6]).

An epidemiological study from this region found that obesity increased the risk of CHD by about 87%, an effect which remained significant even after metabolic syndrome adjustment (increase the risk about 48% ) ([@A37018R7]). Despite obesity preserve a risk factor for CHD, an inverse relationship between obesity and mortality has been described in patients with heart failure, CHD and diabetes ([@A37018R8]-[@A37018R10]).

This unexpected phenomenon, known as the 'obesity survival paradox', assumes that being overweight or even obese provides a mortality advantage, compared to being normal weight (BMI 18.5--24.9 kg/m^2^).

While data regarding the risks of diabetes and cardiovascular morbidity with increasing BMI are overwhelming, limited attention has been paid to the possibility of an altered BMI nadir or optimal weight for all-cause and cardiovascular mortality in those with established coronary heart disease.

A variety of studies have evaluated obesity paradox in overweight and obese patients with CHD and cardiovascular disease (CVD) ([@A37018R11]-[@A37018R15] ). Moreover, a systematic review of 40 cohort studies with 250, 152 patients found significantly lower risks for cardiovascular mortality (RR 0.88) in overweight patients ([@A37018R5]). Some of these opposite reports originate controversial data were from studies that included cohorts of elderly or used data from seriously ill patients.

However, despite the existence of a positive association between obesity and the development of CHD in the general population, the important role of obesity (central or general) in patients with established coronary disease is less defined. A study from the prospective REduction of Atherothrombosis for Continued Health (REACH) registry, demonstrated the protective effect of BMI ≥ 20 kg/m^2^ on recurrent CVD ([@A37018R16]). To the best of our knowledge there is no study from the Middle East regarding the effect of overweight/obesity regarding recurrent CHD.

2. Objectives {#sec183010}
=============

Given the existing controversy on obesity, the objective of this investigation was to determine the relationship between BMI categories and recurrence of coronary heart disease in patients with history of CHD using data from a large population based study, the Tehran Lipid and Glucose Study (TLGS).

3. Patients and Methods {#sec183014}
=======================

The Tehran Lipid and Glucose Study is an ongoing population-based cohort, designed to study the risk factors and outcome for non-communicable disease. This study consists of two phases: first, the cross sectional study (1999-2001) in which, 15005 individuals, aged over 3 years, and the second (2001-2003, n=3551) a prospective interventional ongoing phase scheduled to continue for at least 20 years, with regular follow-up data collection at 3-year intervals. Details on the rationale, sampling and data collection of the TLGS have been published previously.

Of a total 9752 participants, aged ≥ 30 years who enrolled for the TLGS in first or second phase, individuals with a history of CHD (N=522) were enrolled in the present study; of these, we excluded 65 (no follow-up information), 8 (missing data on waist circumstance) and 9 (without fasting plasma glucose); the present analysis included 440 TLGS participants with at least one year of follow up ([Figure 1](#fig33910){ref-type="fig"}). The ethics committee of the research institute for endocrine sciences, Shahid Beheshti University of Medical Sciences, approved the design of the TLGS study, and all participants provided written informed consent.

![Flow Chart of Study Population](ijem-14-02-37018-i001){#fig33910}

3.1. Data Collection {#sec183011}
--------------------

Baseline information of the TLGS included an interview and completion of a pre-tested self-administered standard and questionnaire. Trained research staff conducted face-to face interviews to collect information on demographics, cigarette smoking, education and medical and drug history, CHD history, physical examination for blood pressure, pulse rate, ECG and anthropometrical measures and laboratory measurements for lipid and glucose profiles; missing information on history of drugs was considered as "no" answer.

All anthropometric measurements were measured using standard protocols; waist circumference (WC) was measured at the level of umbilicus; body mass index was computed by dividing weight (kilogram) to the square of height (meter). In the current study, patients were categorized with respect to their BMI status, normal (BMI \< 25), overweight (25 ≤ BMI \< 30), and obese (BMI ≥ 30) , based on international cut off points for BMI. A current smoker was defined as a person who smokes cigarettes daily or occasionally and a past smoker, was formerly a daily or occasional smoker who currently does not smoke ([@A37018R14]). Vigorous physical activity at least 3 days per week was considered as high physical activity, based on the Lipid Research Clinic (LRC) questionnaire ([@A37018R17]). Systolic and diastolic blood pressure (SBP, DBP) were defined, based on the average of the two measurements in a seating position measured on the right arm, using standard mercury. Blood samples collected after 12-14h overnight fasting between 7:00 to 9:00 A.M during physical examinations. Description of biochemical measurement methods for total cholesterol (TC), high density lipoprotein cholesterol (HDL-C), triglycerides (TG) and fasting plasma glucose (FPG) were published elsewhere ([@A37018R14]).

For this study, CHD was defined as self-reported positive history of CHD. Self-reported history of CHD was defined as a positive answer at the time of the interview to the question as to whether the patient had ever been given a prior diagnosis of CHD by a physician.

3.2. Outcome {#sec183012}
------------

In this study, CHD including cases of definite myocardial infarction (MI) (diagnosed by ECG and biomarkers), probable MI (positive ECG findings plus cardiac symptoms or signs or positive ECG findings plus equivocal biomarkers), unstable angina (new cardiac symptoms or changing symptom patterns and positive ECG findings with normal biomarkers), and angiographic proven CHD. Details of outcome data collection have been published elsewhere ([@A37018R5], [@A37018R14], [@A37018R18]).

3.3. Statistical Analysis {#sec183013}
-------------------------

All continuous data with normal distribution are expressed as mean (SD) and skewed parameters as median, interquartile (IQ range), and categorical variables are expressed as percentage. Differences for continuous variables were assessed using the t-test, whereas differences for categorical variables were assessed with the Chi Square Test. The Mann-Whiteny test was used for TG as non-normal variables. For ordinal data, the non-parametric Wilcoxon rank-sum test was used to analyses differences among groups. Participants with CHD history at baseline were followed until the occurrence of a recurrent CHD, the exact date of which was considered as the date of the end point event or death or loss to follow-up, in which case the date of the last patient visit or the date of death due to a non-recurrent CHD event; were considered as censoring. We calculated incidence rates and adjusted hazard ratios of recurrent CHD events.

The person time for each participant was calculated from the beginning of the study to the date of recurrent CHD event; the date of censoring or the end of the study, whichever came first. Incidence rates of recurrent CHD for each BMI category were obtained by dividing the number of cases by person-years in BMI groups; the Kaplan-Meier method was used to calculate crude cumulative incidence curve for recurrent CHD events. Cox-proportional hazard regression was used to study the effect of BMI groups in the presence of different covariates; assumption of the proportionality was tested based on Schoenfeled residuals. The first model was adjusted for both age and gender and in model 2, we further adjusted was done for waist circumference. In the third model, additional adjustment for current and past smoker, physical activity, education, ACE inhibitor, B-blocker, diabetic, antihypertensive and lipid lowering drug, FPG, triglyceride, high density lipoprotein, total cholesterol, non HDL-C. A forward stepwise approach was considered to keep significant covariates with a p-value of \< 0.2 for \'enter\' and p-value \> 0.05 for \'remove\'. Also univariate analysis was carried out to evaluate the interaction effect of gender, past smoker and current smoker interaction effects with BMI categories. No evidence of this was observed. All analysis was conducted using STATA 11 statistical software

4. Results {#sec183015}
==========

Of a total of 522 individuals, aged ≥ 30 years, with history of CHD at baseline, 440 (84.29%) individuals with a mean (SD) age of 59.6 (10.8) years at baseline were included in the analyses. Over a median (IQ25-75) of 8.44 (3.26-9.94) years, 169 cases of recurrent CHD developed and the incidence density of recurrent CHD was calculated as 54.53 per 1000 person-years.

Baseline characteristics of the TLGS study sample population are summarized in [Table 1](#tbl46311){ref-type="table"} with respect to their recurrent CHD events; women constitute the majority of the population without recurrent CHD (50.2% vs. 38.5%, P-value =0.02). Generally, the recurrent CHD group had more unfavorable metabolic risk profiles than the non-recurrent the no recurrence group, but the differences were not statistically significant in simple univariate analysis, except for current and past smoking (P-value = 0.008 and 0.007, respectively), diabetes lowering drugs (P-value = 0.01), aspirin (P-value = 0.01) and higher level of FPG (P-value =0.046).

###### Characteristics of TLGS Study Participants With a History of CHD by Their Recurrent Event^[a](#fn49409){ref-type="table-fn"},[b](#fn49410){ref-type="table-fn"}^

                                                                                 Total Study Population (N = 440)   Without Recurrent CHD Event (N = 271)   Recurrent CHD Event (N = 169)   P Value
  ------------------------------------------------------------------------------ ---------------------------------- --------------------------------------- ------------------------------- ---------
  **Gender, No. (%)**                                                                                                                                                                       
  Female                                                                         201 (45.7)                         136 (50.2)                              65 (38.5)                       0.018
  **Age, y**                                                                     59.62 (10.83)                      59.03 (11.84)                           60.54 (8.92)                    0.13
  **Education**                                                                                                                                                                             0.85
  \< 6, y                                                                        286 (65.0)                         177 (65.3)                              109 (64.5)                      
  6 - 12, y                                                                      129 (29.3)                         79 (29.2)                               50 (29.6)                       
  ≥ 12, y                                                                        25 (5.7)                           15 (5.5)                                10 (5.9)                        
  **Family History of CVD**                                                                                                                                                                 
  Father                                                                         61 (13.9)                          36 (13.3)                               25 (14.9)                       0.67
  Mother                                                                         64 (14.5)                          34 (12.5)                               30 (17.9)                       0.13
  **Current smokers, No. (%)**                                                   65 (14.8)                          30 (11.1)                               35 (20.7)                       0.008
  **Past smoker, No. (%)**                                                       111 (25.2)                         56 (20.7)                               55 (32.5)                       0.007
  **BMI, kg/m** ^**2**^                                                          27.82 (4.57)                       27.87 (4.3)                             27.74 (4.95)                    0.78
  **BMI group, No. (%)**                                                                                                                                                                    0.16
  Normal weight                                                                  111 (25.2)                         61 (22.5)                               50 (29.6)                       
  Obesity                                                                        205 (46.6)                         135 (49.8)                              70 (41.4)                       
  Overweight                                                                     124 (28.2)                         75 (27.7)                               49 (29.0)                       
  **WC, cm**                                                                     94.06 (10.37)                      93.67 (10.37)                           94.7 (10.38)                    0.33
  **Abdominal obesity** ^**[c](#fn49411){ref-type="table-fn"}**^ **, No. (%)**   217 (49.3)                         130 (48.7)                              85 (50.3)                       0.8
  **TC, mg/dL**                                                                  230.28 (49.48)                     227.97 (48.88)                          233.99 (50.36)                  0.21
  **HDL, mg/dL**                                                                 40.85 (10.83)                      40.81 (10.41)                           40.91 (11.5)                    0.92
  **TG, mg/dL** ^**[d](#fn49413){ref-type="table-fn"}**^                         181.0 (119.0)                      178.0 (117.0)                           181.0 (122.5)                   0.6
  **Non HDL-C**                                                                  189.44 (47.63)                     187.16 (47.42)                          193.08 (47.89)                  0.2
  **SBP, mmHg**                                                                  132.08 (22.24)                     131.75 (21.41)                          132.6 (23.56)                   0.7
  **DBP, mmHg**                                                                  80.1 (11.85)                       80.73 (10.67)                           79.09 (13.5)                    0.16
  **FPG, mg/dL**                                                                 116.34 (46.09)                     112.77 (43.76)                          122.05 (49.21)                  0.046
  **2h PCG, mg/dL**                                                              145.67 (76.12)                     141.26 (66.84)                          153.44 (90.04)                  0.2
  **Creatinine**                                                                 1.17 (0.2)                         1.16 (0.21)                             1.17 (0.18)                     0.55
  **Physical activity**                                                                                                                                                                     
  More than 3 times a week                                                       68 (15.5)                          43 (19.2)                               25 (17.2)                       0.68
  **Medication use, No. (%)**                                                                                                                                                               
  Hypertension drugs                                                             181 (41.1)                         108 (39.9)                              73 (43.2)                       0.55
  Diabetes drugs                                                                 85 (19.3)                          42 (15.5)                               43 (25.4)                       0.01
  Lipid lowering drugs                                                           56 (12.7)                          32 (11.8)                               24 (14.2)                       0.46
  Beta blocker drugs                                                             209 (47.5)                         132 (48.7)                              77 (45.6)                       0.52
  ACE inhibitor drugs                                                            67 (15.2)                          41 (15.1)                               26 (15.4)                       0.94
  Aspirin                                                                        236 (53.6)                         132 (48.7)                              104 (61.5)                      0.01

Abbreviations: BMI, body mass index, kg/m^2^; DBP, diastolic blood pressure, mmHg; FPG, fasting plasma glucose, mg/dL; HDL-C; high-density lipoprotein cholesterol, mg/dL; 2h-PCG, 2h post-challenge plasma glucose, mg/dL; SBP, systolic blood pressure, mmHg; TC, total cholesterol, mg/dL; TG, triglycerides, mg/dL; WC, waist circumference, cm.

^a^Mean ± SD were shown for continuous variables and P values were calculated with t-tests.

^b^% was shown for categorical variables with P values according to chi-square and Wilcoxon signed-rank tests for ordered data.

^c^Waist circumference ≥ 95 cm.

^d^TG was shown as medians (inter-quartile ranges) P values according to the Mann-Whitney test.

The incidence of recurrent CHD was higher in normal BMI (68.71per 1,000 person-year), compared with overweight individuals (47.56 per 1,000 person-year) and obese (54.46 per 1,000 person-year) category ([Figure 2](#fig33911){ref-type="fig"}). Since there was no interaction between gender and the exposure of interest, all analyses was performed, regardless of gender segregation. Results from the Cox proportional hazard models for CHD risk assessment with prior CHD history at time of first examination are shown in [Table 2](#tbl46312){ref-type="table"}. After adjustment for age, gender and WC, HRs of both the overweight (0.51 95% CI, 0.32-0.80) and obese (0.52 95% CI, 0.28-0.99) groups were protective. In model 3 after including other variables, HR of the overweight group remained protective (0.48 95% CI, 0.30-0.80), whereas that of the obese group was not statistically significant (0.55 95% CI, 0.28-1.06).

![Crude Cumulative Incidence of Recurrent CHD Among Different BMI Categories](ijem-14-02-37018-i002){#fig33911}

###### Hazard Ratios (95% CIs) of BMI Categories for Recurrent CHD Events^[a](#fn49412){ref-type="table-fn"}^

                                         Recurrent CHD   Person/Years   Incidence (Per 1,000 person/years)   HR, 95% CI   P Value               Harrell's C   AIC    
  -------------------------------------- --------------- -------------- ------------------------------------ ------------ --------------------- ------------- ------ ---------
  **Model 1**                                                                                                                                                 0.56   1818.61
  BMI \< 25                              50              111            727.68                               68.71        Ref                                        
  BMI 25 - 30                            70              205            1471.78                              47.56        0.71 (0.5 - 1.04)     0.077                
  BMI ≥ 30                               49              124            899.69                               54.46        0.97 (0.63 - 1.5)     0.88                 
  Age, y                                                                                                                  1.01 (1.0 - 1.03)     0.08                 
  Gender, Female, ref                                                                                                     0.74 (0.53 - 1.04)    0.08                 
  **Model 2**                                                                                                                                                 0.59   1813.88
  BMI \< 25                              50              111            727.68                               68.71        Ref                                        
  BMI 25 - 30                            70              205            1471.78                              47.56        0.51 (0.32 - 0.8)     0.003                
  BMI ≥ 30                               49              124            899.69                               54.46        0.52 (0.28 - 0.99)    0.046                
  Age, y                                                                                                                  1.0 (0.99 - 1.02)     0.22                 
  Gender, Female, ref                                                                                                     0.77 (0.55 - 1.08)    0.13                 
  WC, cm                                                                                                                  1.03 (1.007 - 1.05)   0.01                 
  **Model 3 (Forward stepwise model)**                                                                                                                        0.66   1791.33
  BMI \< 25                              50              111            727.68                               68.71        Ref                                        
  BMI 25 - 30                            70              205            1471.78                              47.56        0.48 (0.3 - 0.80)     0.004                
  BMI ≥ 30                               49              124            899.69                               54.46        0.55(0.28-- - 1.06)   0.07                 
  WC, cm                                                                \-                                   \-           1.03 (1.0 - 1.05)     0.01                 
  Past smoker                                                           \-                                   \-           1.76 (1.27 - 3.0)     0.002                
  Current smoker                                                        \-                                   \-           1.95 (2.24 - 9.75)    \< 0.001             
  Aspirin drug                                                          \-                                   \-           1.68 (1.20 - 2.37)    0.003                
  Diabetes drug                                                         \-                                   \-           2.11 (1.45 - 3.06)    \< 0.001             

Abbreviations: AIC, akaike information criterion; BMI, body mass index, kg/m^2^; DBP, diastolic blood pressure, mmHg; FPG, fasting plasma glucose, mg/dL; HDL-C; high-density lipoprotein cholesterol, mg/dL; 2h-PCG, 2h post-challenge plasma glucose, mg/dL; SBP, systolic blood pressure, mmHg; TC, total cholesterol, mg/dL; TG, triglycerides, mg/dL; WC, waist circumference, cm.

^a^Model 1: BMI group, age, gender; model 2: model 1 + Waist circumference; Model 3: model 2 + (SBP, DBP, TG, TC, HDL, non-HDL, FPG, current and past smoking, physical activity, education, ACE inhibitor, β-Blocker and aspirin drug, lipid, diabetes, and hypertension drugs).

5. Discussion {#sec183017}
=============

In this study of individuals with a history of CHD at baseline and a follow-up at 8.44 median years, we found that the incidence of recurrent CHD was higher in normal BMI (BMI \< 25 Kg/m^2^) than overweight (25 ≤ BMI \< 30) and obese (BMI ≥ 30 Kg/m^2^) individuals in adjusted analyses. Moreover, after further adjustment for potential confounders, overweight (but not obese) subjects had a lower risk of recurrent CAD.

These data are consistent with those of previous studies and meta-analyses. Romero-Corral et al. ([@A37018R13]) in a meta-analysis of 250,152 patients a mean follow-up of 3.8 years reported a better outcomes for cardiovascular and total mortality in the overweight and mildly obese groups; they included patients with CAD \[defined as a history of percutaneous coronary intervention (PCI), coronary artery bypass graft (CABG), or MI\] at baseline and reported obesity to be associated with a higher total mortality only in patients with history of CABG. In another meta-analysis involving patients after coronary revascularization procedures (PCI / CABG), Sharma et al. ([@A37018R18]) reported that the risk of total mortality, CVD mortality and MI was highest among patients with low BMI (\< 25 kg/m^2^) at the end of a mean follow-up period of 1.7 years. Moreover, the protective effect of the obesity paradox in patients with acute coronary syndrome (ACS) has been confirmed by Niedziela et al. in recent meta- analysis ([@A37018R19]). In their unadjusted analyses performed on data from studies, they confirmed better survival in the overweight, obese and severe obesity group in 16 out of 26 studies, 19 of 26 and 5 of 10 studies, respectively. After adjustment for various co-variables (BMI groups), significant relation was found between lower BMI and worse survival in 15 out of 25 studies. Given the consistency in these data, biological reasons rather than statistical and methodological biases should be responsible for the observed paradox ([@A37018R20]). Similar to above mentioned studies and meta-analysis, our population based study showed that patients with past history of CHD who were overweight had lower rates of recurrent CHD events, compared to normal weight ones. Interestingly, when the effect of WC was taken into account, the protective role of general obesity come into effect, indicating that if WC remains constant, the obesity paradox phenomenon can be easily observed, or controversy failing to adjust for the confounder effect of WC may mask protective effect of increasing BMI.

researchers investigating the obesity paradox investigators suggest several possible explanations for better outcomes in overweight or obese patients; first, BMI cannot discriminate between body fat and lean body mass; a high BMI does not necessarily indicate excess body fat and may be attributable to higher lean body mass associated with a better prognosis in patients with CVD. Second, higher BMI groups have more recognizable and aggressively treated co-morbidities, like hypertension, hyperlipidemia, and diabetes mellitus allowing for more cardiac medications rather than those with a normal BMI. Third, another possibility is genetic selection bias, in that some overweight and obese persons may have not developed CHD in the first place if weight gain had been prevented, whereas the thin patients who still develop the sme CHD do so for other reasons (e.g., genetic predisposition) that could be associated with a worse prognosis, despite having a more favorable overall CHD risk factor profile.

Several study limitations should be considered in the interpretation of the results. First limitations of this study include a relatively small sample size and low rate of fatal events, which limits reporting of all-cause mortality and CHD mortality. Second, we did not perform ECG or angiography to confirm CHD for all individuals. Third, although we adjusted for possible confounders, unmeasured confounding factors associated with BMI may exist. Fourth, we used baseline BMI for analysis and did not measure weight change. Additionally, we were unable to analyze the outcomes for extreme BMI levels due to low number of subjects in this subgroup. We did not measure body composition using bioelectrical impedance which is a better tool for determination of total body fat than BMI

The strength of this study includes prospectively collected data of consecutive unselected patients during a follow-up to evaluate the long term effects of BMI on CHD outcomes. Moreover, we measured WC as a surrogate for central obesity, which is more closely related to adiposity-related outcomes. We also adjusted for numerous confounding factors were included in the multivariable analysis.

5.1. Conclusion {#sec183016}
---------------

In conclusion, further studies with different ways to identify obesity are needed to fully understand the impacts responsible for the lower cardiovascular events and mortality in overweight/obese patients. Therefore, further studies taking into account the body composition might provide an interesting basis for investigating whether adipose tissue, now recognized as an endocrine organ could facilitate a direct protective effect.
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